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SUMMARY 


IIT  Research  Institute/,  under  contract  to  the  Defense 
Nuclear  Agency.-  (DNA001-'72-C-0084 , DNA001- 73-C-0149  and  DNA001- 
75-C-0201) ,4has  developed  EMP  PREFERRED  TEST  PROCEDURES  for 
selected  electronic  components.  This  is  part  of  a continuing 
program  to  formulate  and  recommend  procedures  by  which  EMP 
test  data  may  be  obtained  and  reported. 

In  this  connection,  it  is  important  to  realize  what  these 
preferred  procedures  are  and  what  they  are  not.  They  are  a 
formal  recognition  of  good  practices  and  methods  based  on 
sound  physical  principles  which  can  lead  to  useful  EMP  data. 
They  provide  a means  of  communicating  useful  information  among 
workers  in  a large  multidisciplined  technology. 
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These  preferred  procedures  are  not  necessarily  cook-book 
simplifications  and  are  not  intended  to  be  a ^IL-SPEC'^or  a 
panacea  for  designers  of  hardened  systems.  The  EMP  PREFERRED 
TEST  PROCEDURES  require  some  experience  and  intelligence  on 
the  part  of  the  experimenter . fesj’hese  are  somewhat  different 
than  "MIL-SPEC”  testing  which  c\n  usually  be  implemented  by 
a responsible  technician.  The  procedures  emphasize  the  elec- 
trical test  aspects . Some  general  guidance  as  to  limits  and 

other  environmental  aspects  is  provided;  however,  these  are 

>r 

more  properly  considered  in  terms  of  the  requirements  for  a 
specific  system,  such  as  design  specifications.  The  procedures 
are  designed  to  employ  readily  available  or  easily  constructed 
laboratory  equipment--generally  operating  below  100,000  volts 
and  100  MHz--and  to  be  conducted  in  ordinary  room-size  labora- 
tory space. 

The  material  contained  in  this  document  is  considered 
the  best  available  and,  where  possible,  it  represents  a con- 
census of  recognized  practices.  Based  on  discussions  with 
prominent  members  of  the  EMP  commuity  as  well  as  other  experts, 
preliminary  outlines  of  the  procedures  were  devised  and  actual 
tests  conducted  to  validate  the  procedures.  A draft  of  the 
procedures  was  then  circulated  among  cognizant  professionals 
in  a number  of  organizations,  and  revised  as  needed  to 
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harmonize  various  viewpoints.  While  the  results  in  this  docu- 
ment are  based  on  the  experience  of  a number  of  active  recog- 
nized professionals,  it  must  be  noted  that  all  possible  situa- 
tions could  not  be  considered.  Clearly,  it  is  not  the  intent 
of  this  document  to  impose  "National  EMP  Standards  and  Limits." 
Even  if  these  were  desirable,  it  would  not  be  appropriate  to 
do  so  today  because  of  the  rapid  changes  taking  place  in  the 
state-of-the-art.  In  this  regard,  it  is  important  that  others 
take  an  active  part  in  supplying  additional  information  to 
effect  improvements. 

Much  of  the  work  presented  in  the  first  three  sections 
in  this  edition  of  the  EMP  PREFERRED  TEST  PROCEDURES  was 
summarized  directly  from  DNA  Document  2028H,  entitled  "TREE 
Preferred  Procedures."  IIT  Research  Institute,  therefore, 
gratefully  acknowledges  the  efforts  of  Mr.  Richard  H.  Thatcher 
and  Mr.  Michael  L.  Green  at  the  Battelle-Columbus  Laboratories 
for  their  efforts  on  DNA  2028H. 

Discussions  were  also  held  with  staff  members  of  a number 
of  organizations  in  EMP  hardening.  All  organizations  cannot 
be  acknowledged,  but  include  U.S.  Army  Electronics  Command, 
Picatinny  Arsenal,  Naval  Surface  Weapons  Center,  Harry  Diamond 
Laboratories,  Defense  Civil  Protection  Agency,  Construction 
Engineering  Research  Laboratory,  Boeing  Aircraft  Corporation, 
Lockheed  Corporation,  International  Rockwell,  General  Semi- 
conductor Industries,  Siemens  Corporation,  Signalite,  Joslyn 
Electronic  Systems,  Electro-Data  Technology,  Sandia  Labora- 
tory, and  Stanford  Research  Institute. 

The  principle  contributors  to  this  document  are  Mr.  J.  E. 
Bridges,  Mr.  W.  C.  Emberson,  Mr.  V.  P.  Nanda,  Dr.  L.  C.  Peach, 
Mr.  L.  B.  Townsend,  Dr.  P.  L.  E.  Uslenghi,  Dr.  W.  C.  Wells  and 

Mr.  M.  B.  Gagner.  Major  W.  Adams,  Major  W.  Dean  and  Captain 

W.  D.  Wilson  of  DNA  provided  overall  program  review.  The 
technical  management  was  provided  by  Mr.  I.  N.  Mindel  and 
Dr.  E.  W.  Weber.  Much  of  the  laboratory  work  was  conducted 

by  Mr.  S.  Smandra , Dr.  J.  Herro  and  Dr.  Y.  Shiau. 
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15.  TEST  PROCEDURES  FOR  CURRENT  INJECTION  FOR 

ELECTRONIC  MODULES 

15.1  Introduction 

15.1.1  Purpose 

The  purpose  of  this  chapter  is  to  provide  a guidelines  for 
interim  preferred  EMP  test  procedures  to  determine  the  effects 
of  EMP  induced  voltage/current  transients  on  modular  equipment. 

No  new  procedures  have  been  developed  under  this  program  and 
it  is  assumed  that  future  work  in  the  EMP  testing  area  will 
produce  new  and  better  techniques. 

Throughout,  the  emphasis  is  on  simplicity  and  on  the  use 
of  readily  available  laboratory  instruments.  A major  objective 
in  this  effort  has  been  to  review  and  evaluate  the  many  exist- 
ing EMP  test  techniques  and  select  the  minimum  set  necessary  to 
satisfy  the  needs  of  many  different  users.  Thus,  the  procedures 
described  here  are  a subset  of  the  EMP  test  methods  currently 
in  use. 

15.1.2  Scope 

There  are  two  major  aspects  to  determining  the  effects  of 
EMP  current/ voltage  transients  on  modular  equipments,  i.e., 

(1)  inducing  the  EMP  transient,  and  (2)  detecting/measuring 
the  effect (s)  of  that  transient.  Since  the  techniques  required 
to  detect  and  measure  these  effects  are  determined  by  the  func- 
tion of  the  specific  module  and  since  this  chapter  is  concerned 
with  the  EMP  testing  of  modules  in  general,  the  topic  of  detec- 
tion and  measurement  is  beyond  the  scope  of  this  chapter. 
Techniques  for  detection  and  measurement  of  the  effects  must 
be  developed  by  an  individual  familiar  with  the  function  and 
circuitry  of  the  specific  module.  Thus,  this  chapter  is  con- 
cerned only  with  the  techniques  required  to  produce  the  effects 
of  EMP  induced  transients  as  accurately  as  possible. 

The  principal  topics  to  be  considered  include  the  simulation 
of  EMP  waveforms,  methods  of  introducing  the  simulated  pulses 
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into  the  module,  techniques  for  terminating  cables  connected 
to  the  modules  and  means  of  synchronizing  the  pulse  delivery 
with  operation  of  a multi-state  unit  under  test. 

The  many  techniques  currently  in  use  have  been  surveyed 
through  discussion  with  a number  of  companies  currently  involved 
in  EMP  testing  and  evaluated  by  running  a battery  of  tests  on 
each  of  three  representative  modules. 

As  many  test  techniques  as  possible  have  been  examined.* 

Two  methods  have  been  used  to  introduce  the  EMP: 

• Bulk-current  injection 

• Direct  (pin- to-case)  injection. 

In  the  direct  injection  method  several  different  waveshapes 
were  utilized: 

• + square  pulses 

• CW  RF 

• Damped  RF  sinusoids  (Figure  15. 2B) 

• RF  burst  (Figure  15. 3B) . 

The  representative  modules  used  to  evaluate  the  EMP  test 
techniques  were : 

• A Nova  1220  minicomputer 

• A HP-462  broadband  RF  preamplifier 

• A HP-6429  dc  power  supply. 

These  units  represent  digital,  in-EMP-band  analog,  and  out-of- 
EMP  band  analog  equipment,  respectively.  For  digital  equipment, 
various  terminal  conditions,  such  as  high  impedance  versus  low 
impedance,  were  investigated. 


* Free  field  EMP  pickup  tests  have  not  been  considered,  as  such 
tests  are  a measure  of  the  quality  of  the  enclosure  rather 
than  the  module.  Enclosure  testing  is  covered  in  Chapter  10. 
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Mo dule  Testing  to  EMP  Specifications 

15.2.1  Applicability 

This  type  of  Lesting  is  applicable  to  testing  programs  with  any 
of  the  following  objectives: 

• Verifying  the  hardness  of  each  module  terminal  to 
a specified  EMP. 

• Providing  data  for  hardening  design/redesign. 

• Providing  data  to  identify  failures  within  the  module 
due  to  a specified  EMP. 

• Verifying  overall  module  hardness  to  a specified  EMP 
(i.e.,  system  level  testing)  when  the  methods  of 
Section  15. A are  not  practical. 

At  present,  module  testing  to  EMP  specification  is  the  prin- 
cipal type  of  EMP  testing  being  done.  The  magnitudes  and  spectral 
contents  of  the  injected  signals  are  specified  by  the  Program  Office 
for  the  system  in  which  the  module  is  being  utilized.  Generally, 
the  specifications  take  one  of  two  formats: 

• Pin-to-case  voltage/current  specification 

• Bulk  current  specification. 

The  Direct  Pulse  Injection  test,  Section  15.2.2  shall  be 
used  for  this  type  of  testing.  Pin-to-case  injection  is  recommended. 
Thus,  pin-to-case  specifications  automatically  describe  the  required 
frequencies  and  amplitudes  for  the  test  pulses. 

Bulk  current  specifications,  however,  require  conversion  to  a 
pin-to-case  format.  For  high  impedance  terminations,  it  has  been 
shown ^ that  a good  rule  of  thumb  for  determining  worst  case  terminal 
voltages,  given  a bulk  current,  is  to  multiply  the  specified  bulk 
current  by  100  V/A,  i.e. , given  a bulk  current  of  3 amperes,  the 
voltage  appearing  between  the  module  terminals  and  the  case  will  be 
300  volts  or  less.  For  low  impedance  terminations  (where  impedance 
100..)  , current  becomes  the  limiting  factor  such  that  the  pulse 
current  shall  not  exceed  the  specified  bulk  current.  Thus,  for  the 
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example  3 ampere  bulk  current,  the  simulated  EMP  pulses  are 
to  be  limited  to  300  volts  or  3 amperes,  whichever  occurs  first. 

For  balanced  inputs /outputs , pin-to-pin  injection  shall 
also  be  utilized.  However,  maximum  pin-to-pin  pulse  voltage 
shall  be  reduced  to  20  dB  below  the  maximum  pin-to-case  voltage 
determined  above.  Every  pin  should  be  tested  except  in  cases 
of  extreme  redundancy,  such  as  a computer  data  bus.  In  such 
cases,  it  is  necessary  to  test  only  two  or  three  lines  to 
insure  that  the  effects  are  the  same  for  all. 

15.2.2  Direct  Pulse  Injection  Test  Procedures 

15.2.2.1  Scope 

Direct  pulse  injection  tests  are  used  to  determine  the 
effects  of  EMP  transients  on  electronic  modules  at  a fairly 
detailed  level  (i.e.,  for  each  terminal). 

As  discussed  in  the  Introduction,  this  chapter  is  concerned 
primarily  with  providing  techniques  for  simulating  EMP  trans- 
ients and  for  introducing  these  transients  into  the  module  in 
a fashion  that  will  duplicate  the  effects  of  an  actual  EMP  as 
accurately  as  possible.  Methods  for  detecting  and  measuring 
these  effects  are  discussed  only  in  the  general  case. 

15.2.2.2  Test  Equipment  and  Setup 

Figure  15.1  illustrates  the  basic  test  setup  for  generating 
and  introducing  simulated  EMP  transients  onto  the  terminals  of 
a module . 

A signal  source,  which  is  discussed  in  greater  detail 
below,  is  used  to  produce  the  desired  transient  waveshape. 

This  signal  is  amplified  to  the  required  level  by  a broadband 
RF'  power  amplifier.  This  amplifier  should  have  a power  rating 
of  at  least  100  watts  and  a frequency  range  of  approximately 
10  kHz  to  200  MHz.  The  IFI  402  is  an  example  of  such  an  amplifier. 

The  output  of  the  amplifier  is  the  simulated  EMP  which  is 
coupled  to  the  terminal  of  interest.  This  simulated  EMP  may 
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Fig.  15  I BASIC  DIRECT  INJECTION  TEST  SETUP 


he  coupled  onto  the  terminal  capacitivlv  as  shown  Ln  Figure  1 j . 1 
inductively  (i.e.,  with  a current  transformer)  or  directly. 

The  module  is  to  be  tested  i n an  operational  state,  i.e., 
energized  and  functioning.  Thus,  it  is  necessary  to  terminate 
the  cable  from  the  unit  under  test.  ideally,  the  actual  unit(s) 
that  would  terminate  the  cable  in  a real  system  should  be  used 
as  the  lead.  In  reality,  this  is  often  impossible  since  the 
actual  load  units  may  be  unknown,  unavailable  or  sensitive  to 
EMP  transients.  In  such  cases  it  is  necessary  to  simulate  the 
actual  or  anticipated  load  impedances,  voltage  levels,  control 
signals,  etc.,  to  the  unit  under  test.  Load  impedances  generall 
may  be  simulated  with  simple  RC  networks.  The  simulation  of 
voltage  levels  or  control  signals,  however,  requires  the  atten- 
tion of  someone  familiar  with  the  unit  under  test. 

A dual  beam  oscilloscope  should  be  used  to  monitor  the 
transient  voltage  and  current  on  the  terminal  being  tested.. 

Figure  15. 2A  illustrates  the  equipment  setup  for  generat- 
ing damped  RF  sinusoids.  A typical  waveform  and  its  associated 
spectral  distribution  are  shown  in  Figures  15. 2B  and  15. 2C, 
respectively.  This  waveform  may  be  used  for  damage  or  upset 
testing. 

An  RF  generator,  such  as  the  HP8601A,  is  used  to  provide 
CW  RF.  This  unit  is  set  to  the  desired  test  frequency. 

For  upset  testing,  the  RF  (AUX  in  Figure  15. 2A)  may  be 
used  to  trigger  the  pulser,  however,  it  is  necessary  to  use 
some  timing  or  counting  circuits  (shown  as  optional  trigger) 
so  that  the  EMP  transients  will  be  generated  at  a low  duty  cycle 
A repetition  rate  of  1 kHz  is  suitable. 

Alternately,  the  pulser  may  be  free  running  at  a repetition 
rate  of  1 kHz.  This  method  is  simpler  but  does  not  synchronize 
the  pulser  (i.e.,  the  double  exponential  envelope)  with  the  RF. 

For  damage  testing,  the  pulser  should  be  operated  single 

shot . 
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Double  Balanced  Mixer 
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Frequency  (MHz) 

DAMPED  SINUSOID  WAVEFORM  Fig  15  2C  DAMPED  SINUSOID  SPECTRUM 


A pulser  with  a rise  time  of  less  than  two  (2)  nanoseconds 
shall  be  used,  e.g. , the  HP215A.  The  pulsewidth  is  set  equal 
to  the  rise  time  of  the  desired  double  exponential  envelope. 

For  general  testing,  this  shall  be  10  ns  as  shown  in  the  figure 

This  pulse  is  then  passed  through  a simple  pulse-shaping 
network  to  obtain  the  double  exponential  envelope.  The  capaci- 
tor shall  be  chosen  to  provide  an  RC  time  constant  that  reduces 
the  amplitude  of  the  damped  sinusoid  to  507,  of  its  peak  ampli- 
tude within  5 to  10  cycles  of  RF . The  diode  shall  be  a high 
speed  device  such  as  an  HP  hot  carrier  diode. 

The  envelope  pulse  is  amplified  and  inverted  with  a broad- 
band RF  preamplifier,  such  as  the  HP462A. 

Finally,  a double-balanced  mixer,  such  as  the  Minicircuits 
MAY- 1 , is  used  as  a modulator,  thus  providing  damped  RF  sinu- 
soids at  its  output. 

Figure  15.  3A  illustrates  the  test  setup  for  generating 
RF  bursts.  Figures  15. 3B  and  15. 3C  illustrate  a typical  wave- 
form and  spectral  distribution,  respectively.  This  waveform 
is  simpler  to  generate  and  is  suitable  for  upset  testing.  It 
is  not  preferred  for  damage  testing,  however,  as  this  waveform 
contains  more  energy  for  a given  amplitude  than  does  the  more 
realistic  damped  sinusoid  waveform. 

In  this  setup  the  RF  generator,  optional  trigger  and  doubl 
balanced  mixer  are  used  in  the  same  manner  as  previously  dis- 
cussed. The  main  difference  is  that  the  output  of  the  pulser 
is  used  directly  to  modulate  the  RF . The  pulse  amplitude  is 
to  be  approximately  1 volt  and  the  pulse  duration  shall  be 
between  5 and  10  RF  cycles.  As  in  the  previous  setup,  a low 
duty  cycle  is  recommended.  Hence,  a repetition  rate  of  1 kH:: 
should  be  used. 

15.2.2.3  Precautions  ' 


Double-balanced  mixers  are  linear  only  over  a small  range 
of  input  amplitudes.  Thus,  the  envelope  of  the  damped  sinusoid 


Mimcircuits  Z AY  l 
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output  will  not  be  identical  to  the  modulating  envelope.  Prior 
to  the  start  of  testing  it  will  be  necessary  to  adjust  the 
amplitude  and  duration  of  the  modulating  envelope  in  order  to 
achieve  the  desired  output. 

Some  portion  of  the  simulated  EMP  current  will  flow  toward 
the  load  rather  than  toward  the  unit  under  test.  In  general, 
the  load  impedance  and  the  cable  impedance  will  not  be  matched, 
so  reflections  will  occur.  Thus,  in  order  to  avoid  misinter- 
pretation of  the  signal  observed  at  the  module  terminal,  it  is 
important  that  the  test  system  be  configured  in  a manner  that 
takes  these  reflections  into  account.  This  may  be  accomplished 
by  making  the  cable  very  long  so  that  the  reflections  do  not 
return  during  the  time  the  terminal  is  being  observed,  or  by 
making  the  cable  very  short  so  that  the  reflected  and  direct 
signals  are  very  nearly  coincident.  Since  it  is  convenient  to 
be  able  to  view  the  unit  under  test-cable- load  as  a lumped 
parameter  system,  the  short  cable  approach  is  preferred.  Thus, 
to  insure  that  the  round  trip  transit  time  on  the  cable  is  short 
compared  to  the  10  ns  EMP  rise  time,  the  cable  length  should  be 
limited  to  two  feet. 

Ground  loops  must  be  avoided.  One  source  of  trouble  is 
grounding  via  instrument  power  line  cords,  particularly  if  the 
unit  under  test  is  powered  by  ac.  To  avoid  such  loops,  the 
chassis  grounds  for  both  the  instruments  and  the  unit  under 
test  should  be  floating  from  ac  ground. 

15.2.2.4  Data  Format 

There  are  basically  two  types  of  raw  data  to  be  recorded. 
One  is  data  describing  the  EMP  transient  introduced  into  the 
terminal.  The  voltage  at  and  current  into  the  terminal  are  to 
be  recorded.  Polaroid  pictures  of  the  oscilloscope  display  will 
be  suitable.  The  second  type  of  data  is  that  which  describes 
the  effects  of  the  EMP  transient.  The  test  engineer  must  be 
responsible  for  determining  the  most  suitable  means  of  recording 
this  information  since  the  test  engineer  is  the  one  who  defines 
what  effects  are  to  be  measured. 


15-12 


This  data  shall  be  reduced  to  a meaningful  format,  prefer- 
ably graphical.  Generally,  it  is  best  to  graph  the  minimum 
transient  vol tage/ eurrent/power/energy  versus  the  log  of  fre- 
quency required  to  produce  a given  effect.  For  example,  Figure 
15.4  illustrates  the  minimum  voltage  required  to  upset  a digital 
integrated  circuit  versus  the  log  of  frequency.  This  example  is 
for  a qualitative  effect  (i.e.,  either  upset  or  not  upset). 
Quantitative  effects  (i.e.,  percent  distortion,  energy  of  spur- 
ious output,  etc.)  should  be  presented  as  a family  of  curves; 
each  curve  for  a different  amplitude  or  degree  of  effect. 

When  testing  to  a given  specification,  it  is  possible  that 
specif ication- level  pulses  will  produce  no  significant  effects 
for  some  or  all  of  the  terminals  (i.e.,  some  or  all  of  the 
terminals  are  not  susceptible  to  the  given  EMP) . This  infor- 
mation should  be  presented  in  a tabular  format  with  appro- 
priate raw  data  appended. 

15.3  Module  Testing  Without  Specification 

15.3.1  Applicability 

The  purpose  of  this  type  of  testing  is  to  assess  the  over- 
all hardness  of  a module  to  cable-coupled  EMP  transients,  as 
opposed  to  the  tests  in  the  previous  section  which  are  designed 
to  validate  a particular  module  to  a given  specification.  This 
type  of  testing  is  applicable  to  testing  programs  with  any  of 
the  following  objectives: 

• Providing  EMP  hardness  data  for  comparing  competi- 
tive modules ; 

• Providing  data  for  the  design  of  terminal  protection; 

• Determining  EMP  "safety  margins"  provided  by 
terminal  protection. 

It  is  recommended  that  both  the  CW  Test  and  the  Direct 
Pulse  Injection  Test  be  performed. 


15-13 


( 


The  CW  Test  is  not.  an  EMP  test.  Rather,  it  is  used  to 
measure  the  input  impedance  of  each  pin  versus  frequency,  and 
to  measure  terminal- to- terminal  transfer  functions  as  necessary. 
The  data  from  these  measurements  will  be  used  by  the  test 
engineer  to  aid  in  selecting  test  frequencies  for  the  direct 
pulse  injection  test,  i.e.,  the  CW  test  determines  critical 
test  frequencies  such  as  minimum  impedance  points,  maximum 
impedance  points  and  resonance  points. 

For  both  of  these  tests,  pin-to-casc  injection  is  recom- 
mended. In  the  case  of  differential  signals,  pin-to-pin  injec- 
tion shall  also  be  used.  Every  pin  should  be  tested  except  in 
cases  of  extreme  redundancy,  such  as  a computer  data  bus.  In 
such  cases  it  is  necessary  to  test  only  two  or  three  lines  to 
insure  that  the  effects  are  the  same  for  all. 

15.3.2  CW  Test  Procedure 

15.3.2.1  Scope 

CW  tests  are  used  to  measure  the  impedance  versus  frequency 
of  the  module  terminals  and  to  measure  the  transfer  function 
between  two  terminals  versus  frequency.  The  results  of  these 
tests  are  useful  for  selecting  test  frequencies  for  direct 
injection  testing  of  EMP  transients. 

15.3.2.2  Test  Equipment 

Figure  15.5  illustrates  the  test  setup  for  measuring  the 
terminal  impedance  versus  frequency.  This  requires  a swept 
frequency  generator  and  a network  analyzer  such  as  the  Hewlett- 
Packard  8601A  and  8407A,  respectively.  The  current  probe  is 
connected  to  the  reference  channel  and  the  voltage  probe  to 
the  test  channel.  Connected  in  this  fashion,  the  network  ana- 
lyzer subtracts  the  logarithm  of  the  terminal  current  from  the 
log  of  the  terminal  voltage  and  displays  the  log  of  the  terminal 
impedance.  Some  units,  such  as  the  8407A,  also  display  phase. 

Figure  15.6  is  an  example  of  a test  setup  to  measure  the 
transfer  function  between  two  terminals.  In  this  case,  a power 
splitter  is  required  to  obtain  the  reference  signal. 
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Fig.  15.6  SWEPT  FREQUENCY  TRANSFER  FUNCTION  MEASUREMENT  TEST  SET-UP 


13.3.2.3 


Precaut  ions 


The  test  equipment  must  be  calibrated.  The  basic  cali- 
bration is  to  replace  the  unit  under  test  with  a 30  ...  termina- 
tion as  shown  in  Figure  13.7.  The  network  analyzer  is  then 
adjusted  to  read  50  . and  0°  of  phase  angle  at  low  frequencies. 

The  response  should  be  flat  over  the  full  working  range  of  fre- 
quency. Where  this  is  not  the  case,  simple  corrections  can  be 
applied  to  the  recorded  data. 

The  input  impedance  of  the  terminals  is  to  be  measured  both 
with  the  module  energized  and  turned  off.  When  energized,  it 
will  be  necessary  to  provide  dc  blocking  capacitors  if  dc  is 
present  on  the  terminal.  The  impedance  of  digital  output  cir- 
cuits should  be  plotted  in  both  the  high  and  low  states. 

15.3.2.4  Da ta_  Format 

The  basic  data  to  be  recorded  are  the  magnitude  and  phase 
of  the  terminal  impedance,  Zj,  as  a function  of  frequency. 
Measurements  should  be  made  over  a three  decade  frequency 
range  from  100  kHz  to  100  MHz.  Polaroid  pictures  of  the  net- 
work analyzer  display  will  be  suitable.  Figure  15.8  shows  the 
magnitude  and  phase  of  the  terminal  impedance  for  the  output 
terminal  of  the  HP462A  amplifier.  Note  the  spaces  provided  to 
identify  the  unit  under  test,  test  setup,  terminal  and  test 
conditions.  In  this  case,  the  test  was  performed  with  power 
on,  as  indicated  in  the  figure. 

Not  all  terminals  have  impedances  as  well  behaved  as  are 
those  of  the  HP462A.  Figure  15.9  shows  the  terminal  impedance 
of  a digital  output  driver  in  its  low  state.  Note  the  reso- 
nance points,  especially  the  sharp  dip  at  2 MHz.  When  present, 
such  resonance  points  should  be  noted  for  future  use  as  they 
will  be  specifically  selected  as  test  points  in  the  direct 
injection  test. 

15.3.3  Direct  Pulse  Injection  Test  Procedure 

This  test  is  the  same  as  that  of  Section  15.2.2.  The  only 
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Fig.  15.7  CALIBRATION  OF  SWEPT  FREQUENCY  SYSTEM 


difference  is  in  the  .selection  of  Lest  pulse  frequencies  and 
amplitudes . 

For  module  testing  without  a specification,  the  Direct 
Pulse  injection  Test  shall  be  executed  at  a minimum  of  Id  fre- 
quencies, i.e.,  four  test  frequencies  per  decade  between  100 
kHz  and  100  MHz.  The  resonance  points  determined  by  the  CW 
test  shall  be  among  these  frequencies. 

Test  pulse  amplitudes  should  range  from  a level  which 
causes  no  significant  effects  to  the  level  that  causes  module 
des  t rue  t ion . 

15.4  Acceptance/System  Level  Testing 

The  purpose  of  this  type  of  test  is  to  verify  the  over- 
all hardness  of  a module  or  a modular  system  to  a specified 
KM P . While  it  would  be  ideal  to  expose  the  entire  system  to 
a free  field,  threat  level  EMP  simulator  to  perform  this  type 
of  test,  such  an  approach  is  not  always  practical  or  feasible, 
nor  is  such  a simulator  always  readily  available  to  the  test 
engineer. 

In  such  cases  it  is  recommended  that  the  Bulk  Injection 
Test  be  utilized.  Typical  applications  of  this  test  include: 

• Quality  assurance  testing  of  modules; 

• Field  testing; 

• Testing  interfaces  between  systems,  i.e.,  umbilical 

between  aircraft  and  aircraft  carrier; 

• System  acceptance  testing  when  use  of  free  field 
simulators  is  not  practical. 

This  type  of  testing  (simulator  or  bulk  injection)  is 
very  popular,  as  it  provides  for  current  distribution  within 
the  system,  reflections  at  interfaces  and  possible  synergistic 
effects  due  to  simultaneous  pulses  arriving  on  several  pins. 
Such  testing  is  intended  as  a benchmark,  a final  verification 
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t o account  lor  effects  not  easily  simulated  b/  other  methods. 
Since  system  configurations  are  changed  with  t i nr  an  overall 
testing,  program  should  utilize  this  type  of  lest  in  addition 
to  and  not  in  place  of  the  more  detailed  tests  discussed  earlier. 

1 b . a . 2 Hulk  Injection  Test  Procedure 

13.4.2.  1 Scope 

Hulk  injection  tests  are  used  to  determine  t he  gross 
effects  o!  FMP  transients  on  electronic  modules  or  entire  sys- 
tems, by  in  ject  ins;  a specified  bulk  current  on  the  interconnect- 
ing cable(s).  This  current  distributes  among  the  individual 
conductors  according  to  the  impedances  which  terminate  the  con- 
ductors. Thus,  every  pin  in  the  associated  interface  is  tested 
simultaneously.  If  data  is  required  for  individual  pins,  it  is 
recommended  that  the  direct  injection  test,  Section  13.2,  be 
used . 

13.4.2.2  Test  Equipment  and  Setup 

In  hulk  injection  testing,  there  are  two  techniques  for 
coupling  the  simulated  FMP  to  the  interconnecting  cable(s), 
i.e. , inductive  and  capacitive.  Both  of  these  techniques  pro- 
vide loose  coupling  between  the  pulser  and  the  unit:  under  test, 
and  therefore  do  not  alter  the  normal  operation  of  the  unit, 
under  test.  In  either  vase,  it  is  recommended  that  the  damped 
HP  sinusoid  waveshape  he  used  for  simulating  the  FMP.  The 
magnitudes  and  frequencies  for  the  hulk  current  transients  are 
to  be  specified  hv  the  Program  Office  for  the  system  in  which 
the  module  is  being  used. 

For  laboratory  testing,,  either  coupling  technique  is  suit- 
able. For  in-situ  testing  on  actual  systems,  however,  induc- 
tive coupling  is  preferred  due  to  the  relatively  small  size  of 
the  coupling  transformer  and  because  these  transformers  mav  he 
clamped  around  the  cable  being  tested  without  disconnecting 
the  cable.  Figure  13. 10  illustrates  the  typical  test  setup  for 
performing  hulk  injection  with  inductive  coupling. 
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This  technique  utilizes  a current  transformer  to  couple 
energy  from  the  pulser  to  the  cable.  These  transformers  must 
he  carelullv  designed  to  deliver  Lhe  required  current  without 
going  into  saturation. 

Because  of  the  loose  coupling  technique  being  utilized, 

Lhe  pulser  must  be  capable  of  generating  damped  RF  sinusoid 
pulses  at  very  high  power  levels.  These  pulses  may  be  generated 
by  the  same  method  described  in  Section  15.2.2.2.  To  achieve 
the  desired  bulk  current,  however,  the  power  requirement  on  the 
broadband  RF  amplifier  will  generally  be  in  excess  of  1 kw . 
Alternately,  a high  voltage  capacitive  discharge  type  pulser 
may  be  used. 

The  current  at  the  terminal  of  interest  should  be  monitored 
with  an  oscilloscope.  A broadband  current  probe,  such  as  the 
Stoddart  91550-1,  will  be  required. 

The  module  is  to  be  tested  in  an  operational  state,  i.e., 
energized  and  functioning.  Thus,  it  is  necessary  to  terminate 
the  cable  from  the  unit  under  test.  This  termination  is  also 
required  to  insure  that  the  bulk  current  distributes  correctly 
among  the  cable  conductors.  Ideally,  the  actual  unit(s)  that 
would  terminate  the  cable  in  a real  system  should  be  used  as 
the  load.  This  generally  is  possible  when  performing  in-situ 
tests  on  a real  system,  but  is  often  impossible  when  performing 
laboratory  tests,  since  the  actual  load  units  may  be  unknowmi  , 
unavailable  or  sensitive  to  BMP.  In  such  cases,  it  is  necessary 
to  simulate  the  actual  or  anticipated  load  impedances,  voltage 
levels,  control  signals,  etc.,  to  the  unit  under  test.  Load 
impedances  generally  may  be  simulated  wiLh  simple  passive  net- 
works. The  simulation  of  voltage  levels  or  control  signals, 
however,  requires  the  attention  of  someone  familiar  with  the 
unit  under  test. 

For  laboratory  testing,  the  unit  under  test  and  the  load 
shall  be  affixed  to  a common  ground  plane  to  provide  a low 
impedance  return  for  the  injected  current.  For  in-situ  testing 
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of  modules  affixed  to  metallic  structures  (i.e.,  ships,  air- 
craft, etc.),  this  is  unnecessary  since  the  structure  will 
provide  a return  path. 

Figure  15.11  illustrates  some  typical  RF  burst  voltage 
and  current  waveforms  injected  on  a computer  data  bus  with  the 
inductive  coupling  technique.  These  traces  were  redrawn  from 
oscilloscope  photographs  to  improve  clarity.  The  waveforms 
appear  only  as  envelopes  in  the  photographs  so  the  phase  rela- 
tionships in  the  figure  may  be  incorrect.  Note  that  this  is 
not  the  recommended  waveform  for  EMP  testing  and  is  used  here 
only  as  an  example. 

Figure  15.12  illustrates  a typical  test  setup  for  bulk 
injection  with  capacitive  coupling.  In  this  technique,  the 
pipe  acts  as  one  plate  of  a capacitor  and  the  cable  conductors 
orm  the  other  plate.  The  pipe  should  be  4 to  8 feet  long 
and  several  inches  in  diameter. 

Since  the  pipe  over  the  ground  plane  forms  a section  of 
transmission  line,  the  pipe  must  be  terminated  with  resistor 
R^.  to  prevent  ringing. 

Except  for  the  coupling  technique,  this  test  setup  and 
the  previous  test  setup  are  the  same. 

15.4.2.3  Precautions 

Since  the  simulated  EMP  is  coupled  to  the  system  via  the 
test  cables,  the  construction  and  shielding  of  the  test  cables 
are  to  be  the  same  as  the  construction  and  shielding  of  the 
actual  or  anticipated  system  cables.  Some  important  factors 
are  the  following: 

• Are  signals  carried  on  twisted  pairs  or 
individual  leads? 

• What  is  the  number  of  ground  leads? 

• Is  the  cable  shielded? 

• Is  shielding  braided  or  solid? 
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Bulk  Current  I Amp/div 


Voltage  At  High  Impedance 
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Current  At  High  Impedance 
Terminal  10  m A/div. 


Voltage  At  Low  Impedance 
Terminal  I Volt  / div . 

Current  At  Low  Impedance 
Terminal  .1  Amp  /div 


Fig  15  II  REPRESENT 


Pulser 


Fig  15.12  BULK  INJECTION  TEST  SETUP  WITH  CAPACITATIVE  COUPLING 


Improper  grounding  can  be  a source  of  significant  errors. 
Wien  performing  laboratory  tests  it  is  important  that  the  unit 
under  test  and  the  load  be  affixed  to  a common,  low  impedance 
ground  plane.  This  is  generally  not  necessary  when  performing 
in-situ  tests  in  which  case  the  current  is  allowed  to  return 
via  the  natural  path(s). 

The  test  engineer  must  be  careful  to  insure  that  the  instru 
mentation  is  not  detecting  false  signals,  i.e.,  picking  up  cross 
talk  between  cables  or  detecting  radiated  energy.  This  is  a 
particular  problem  when  performing  bulk  testing  because  of 
the  high  power  level  being  used.  Often  it  is  necessary  to 
locate  the  instrumentation  in  a shielded  enclosure  to  prevent 
radiated  energy  from  interfering  with  the  measurements.  All 
cables  between  the  instrumentation  and  the  test  setup  must  be 
well  shielded  or  optical  data  links  may  be  used. 

15.4.2.4  Data  Format 

There  are  basically  two  types  of  raw  data  to  be  recorded. 
One  is  data  describing  the  bulk  current  introduced  into  the 
terminal.  Polaroid  pictures  of  the  oscilloscope  display  will 
be  suitable.  The  second  type  of  data  is  that  which  describes 
the  effects  of  the  BMP  transient.  The  test  engineer  must  be 
responsible  for  determining  the  most  suitable  means  of  record- 
ing this  information  since  the  test  engineer  is  the  one  who 
defines  what  effects  are  to  be  measured. 

This  data  shall  be  reduced  to  a meaningful  format.  Bulk 
injection  testing  is  often  used  to  perform  pass/fail  tests. 

Such  information  may  be  presented  in  a tabular  format  showing 
frequency,  current  and  pass/fail  for  each  test  point.  Raw 
data  should  be  appended  or  at  least  retained  in  good  order  by 
the  test  engineer.  Alternately,  it  may  be  necessary  to  provide 
data  that  indicates  at  what  level  of  bulk  current  a particular- 
effect  occurs.  This  information  should  be  reduced  to  a graphi- 
cal format  which  plots  the  minimum  bulk  injection  current 
required  to  produce  a given  effect  versus  the  log  of  frequency. 
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For  example,  Figure  15.  L 3 illustrates  the  minimum  bulk  current 
required  to  cause  upset  on  a computer  interface  versus  the  log 
of  frequency.  This  example  is  for  a qualitative  effect  (i.e.  , 
either  upset  or  not  upset).  Quantitative  effects  (i.e.,  per- 
cent of  distortion,  energy  of  spurious  output,  etc.)  should  be 
presented  as  a family  of  curves;  each  curve  for  a different 
amplitude  or  degree  of  effect. 

15.5  Additional  Considerations  for  Testing 
Digital  and  Special  Analog  Modules 

Digital  modules  will  possess  some  or  all  of  the  following 
characteristics : 

• Input/output  impedance  which  is  nonlinear  with 
input/output  voltage; 

• Numerous  states  with  potentially  different  levels 
of  sensitivity, 

• Memory . 

Some  analog  devices,  such  as  FET  analog  switches,  also 
possess  some  of  these  characteristics  and  shall  be  treated 
accordingly . 

Three  topics  are  considered  in  this  section: 

• Techniques  for  simulating  digital  loads; 

• Techniques  for  synchronizing  pulse  delivery 

with  operation  of  a multistate  machine; 

• Use  of  software  in  testing. 

In  both  the  Direct  Pulse  Injection  Test  and  the  Bulk 
Injection  Test  it  is  important  that  the  test  cables  be  termin- 
ated in  actual  or  simulated  loads.  While  actual  loads  are 
preferred,  simulation  is  often  necessary.  Since  digital  devices 
exhibit  different  impedances  in  the  high  and  low  states,  it  is 
required  that  each  terminal  be  tested  high  and  low.  For  upset 
testing,  the  simplest  approach  is  to  construct  a dummy  load 
module  utilizing  switches  and  standard  interface  gates  for  the 
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appropriate  logic  familv.  Figure  J 3 . 1 h illustrates 
method  as  applied  to  the  TTL  family.  If  damage  Level  testing 
is  being  done,  ;i  more  durable  load  should  be  constructed  from 
discrete  components.  Generally,  the  manufacturer’s  literature 
will  provide  schematics  for  such  circuits.  Figure  13.13  illus- 
trates this  approach.  The  devices  shall  be  selected  with  break- 
down voltages  higher  than  those  of  the  interface  devices  in  the 
unit  under  test. 

Figure  15.  16  illustrates,  in  block  form,  the  concept  of 
synchronizing  the  pulser  with  operation  of  a multistate  unit 
under  test.  For  units  with  hard  wired  logic,  i.e.  , modules 
which  do  not  operate  under  software  control,  a suitable  signal 
from  the  unit  under  test  may  be  buffered  and  used  to  trigger 
the  pulser.  If  no  such  signal  exists,  it  is  necessary  to 
decode  some  combination  of  signals  within  the  unit  which  define 
the  state  to  be  tested.  Care  must  be  taken  to  avoid  creating 
a ground  loop.  If  the  control  signal (s)  must  be  carried  over 
a distance  of  more  than  a few  feet,  an  optical  fiber  link  is 
recommended . 

When  testing  computers,  i.e.,  modules  which  operate  under 
software  control,  many  additional  tests  are  available. 

Two  unique  methods  of  triggering  the  pulser  are  available. 
One  is  to  utilize  an  idle  interface  to  control  triggering  the 
pulser.  An  output  instruction,  directed  to  the  unused  terminal, 
will  trigger  the  pulser.  This  allows  complete  program  control 
over  delivery  of  the  simulated  EMP.  This  approach  is  similar 
to  that  described  in  Figure  15.16,  and  is  used  in  the  program 
segment  in  Figure  15.17,  Alternately,  an  advanced  trigger  from 
the  pulser  can  be  used  to  interrupt  the  computer  and  cause  it  to 
branch  to  the  appropriate  test  routine.  Naturally  this  latter 
technique  applies  only  to  computer  with  interrupt  handling  fea- 
tures. For  single  shot  testing,  either  method  is  equally 
applicable . 

For  upset  testing,  however,  the  former  method  is  more 
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Fig.  15  14  TYPICAL  SIMULATED  DIGITAL  LOAD  FOR  UPSET  TESTING 
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Fig.  15  15  TYPICAL  SIMULATED  DIGITAL  LOAD  FOR  DAMAGE  TESTING 
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SAMPLE  PROGRAM  SEGMENT  FOR  EMP  TESTING  OF 
COMPUTER 


% 


suitable.  Since  the-  puLser  is  under  proi'.rnn  control,  a series 
ot  pulses  can  be  utilised  with  the  computer  haltin',-;  on  1 v when 
an  upset  condition  is  detected.  The  test  may  then  be  repeated 
at  the  upset  level  on  a single  shot  basis  and  the  waveforms 
recorded.  This  approach  will  save  a significant  amount,  of  time- 
over  a strictly  single  shot  method. 

In  either  case,  diagnostic  software  should  be  utilized  to 
detect  and  perhaps  isolate  the  upset  or  damage.  Such  programs 
are  constructed  using  instructions  which  exercise  the  circuitry 
or  operation  under  investigation.  The  program  segment  in  Figure 
15.17  is  an  example  which  illustrates  the  basic  approach  to 
diagnostic  testing.  The  instruction  "NIOP  52"  generates  an 
output  signal  to  trigger  the  pulser  as  discussed  above.  Thus, 
the  simulated  KMP  w'ill  always  occur  during  the  instruction 
immediately  following  the  NIOP  52.  In  this  example,  we  are 
testing  the  instructions  at  locations  5006,  5020,  and  5024 
which  are  input  from  teletype,  load  memory  from  register  and 
load  register  from  memory  respectively.  The  data  input/loaded 
is  always  predefined  and  after  each  EMP  the  register  or  memory 
location  under  consideration  is  checked.  If  the  contents  are 
not  correct,  an  error  message  is  output  to  the  display,  other- 
wise the  test  is  repeated.  After  approximately  50  repetitions, 
the  computer  will  output  a pass  message  and  halt,  allowing  the 
technician  to  increase  power,  change  frequency,  etc.,  before 
resuming  the  test. 

The  example  tests  only  three  of  the  computer's  instructions. 
Figure  15.18  illustrates  the  timing  of  the  three  trigger 
pulses  generated  by  the  program.  In  an  actual  program,  however, 
it  will  be  necessary  to  test  many  different  instructions  sucli 
that  a reasonable  cross-section  of  the  computer's  possible 
states  are  examined. 
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Fig  15.18  EXAMPLE  OF  TIMING  FOR  SYNCHRONIZED 
PULSING 
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Defense  Nuclear  Agency 
A TIN:  l>l)ST 


ATTN: 

ATTN: 

ATTN: 

ATTN: 


KAKV 

STS!,  Archives 

KATN 

ST  V L 

STTL,  Tech.  Lib. 


Commander 

Harry  Diamond  Lalmratunes 

ATTN:  DHXDO-NP,  Francis  N.  Wimeml/ 
ATTN:  DRXDO-FM,  John  F.  Suet  on 
AI  TN:  DHXDO-FM,  John  Bomba rdt 
ATTN : DHXDO-HB,  Joseph  H.  Miletta 
A TTN:  DRXDO-TR,  Fdward  F.  Conrad 
ATTN:  DHXDO-HC,  Rolierl  B.  Oswald,  Jr. 
ATTN:  DHXDO-HCC.  John  A.  Rosado 
ATTN:  DHXDO-FM,  Robert  F.  MeCoske> 
ATTN:  DHXDO-HCC,  John  F.  Thompkins 
ATTN:  DHXIH )-  IT,  lech.  Lib. 
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( i 

I . S.  Anns  M.t' . I ><  . \ Kradinr Cmd. 

A 1 IN:  IllU  HI  |i.  law  friu  i I h ir. 

A l IN  In  h.  lab. 

C1  an i ■ la’tdr  r 

P:. -alums  A I 
A l‘  I N 
A I l N 
A I 1 N 
A i IN 
A I IN 
A 1TN 
A I 1 N 
A 1 IN 
A I IN 
A ! IN 
A l l N 

(.'•  ''iiUMinlr  r 

1 KAN ANA 

A I I N:  A I AA-I'AC.  France  N.  \\  mans 

( nrmuariiirr 

Krdstnnr  Srirntihc  liitonnulmn  Or. 

A I I N DKS.MI-KHD.  Clara  T.  Rogers 

I urn  tor 

I . S.  Arms  Halhstir  Research  l.abs. 

A l IN.  DRXRR-X,  Julius  .j.  Mcs/aros 
A 1 I N:  DKXRR-YL,  John  W.  Kmrh 
Ai  IN.  smXKD-HVl..  David  \..  UitfoUi 
Al'IN.  DRXRR-AM.  \V.  R.  V;iiiAiiH\.'ij. 

A 11  N;  lii'h.  lab.  Kdsvard  Hairy 

( ommander 

l . S.  Arms  Mat.  k Mrrhanirs  Rsch.  Ctr 

ATTN:  PKXMK-IUI.  John  l\  Dig  nan  t 
A I 1 N : Tech.  Lib. 

Chirf 

C.S.  Arjm  Comjminicutjnri.s  Sys.  Annies 
ATTN:  SCCM-AD-SV,  Lib. 

Commander 

I . S.  Ami)  Compntri*  Systems  Com  main  I 
ATTN  Tech.  Lib. 

Commander 

C.S.  Army  Klrrtronirs  Command 
ATTN:  DKSKL-SL-D 
ATTN:  I >KSK TD.  W.  K.  Work 
ATTN;  DRSFL-CK.  T.  Preifler 
A I T N : DRSLL-CT  HDK,  Abraham  K.  Cohen 
ATTN:  DKSFL-TL  ML,  M.  W.  Pornerantz 
ATTN:  DRSKL-TL-KS.  Robert  Lux 
ATTN:  DKSh L-TI.-IR  KdwinT.  Hunter 
ATTN:  DRSKL-T L -MI),  (irrhart  K.  Oatile 
ATTN:  |)KSK L-TL-IR,  Robert  A.  Freiberg 
ATTN:  DRSFL-WL-I) 

ATTN:  DKSKI.-  Pl.-KNV,  Hans  A.  Homke 

Commander 

C.S.  Army  Communications  Cmd. 

ATTN:  At C-FD-M,  Iaisvrenco  K.  Cork 
ATTN:  Tech.  Lib. 


Dl.PAU  I Ml  N l‘  ii|  | ||i  Ai;  \]\  D ..utimn-d ■ 

1 ii*.  r i"’i  ! ii”i art  i 

I .s.  .\  1 1 1 1 \ l.iii'i.  Mi  ‘Hill  lljxrr 

A IT  V MRDLD  M(  . I Mxd  [..  Ha/leM 

Commander  in  (Tori 
I .S.  Arms  I nr<i|.i  and  Srvrnlh  Arms 
A I I N Irrh.  l ib. 

I n rrrtnr 

I . S.  Anns  Matrnrl  S\  > . Anahsi-  Arts. 

A 1 rv  Tri'h.  lab. 

A UN  DRXS\  -(  V.  Donald  R.  Ikirtlu  I 
l *•  •tumaiidi  r 

I . S.  \i-nis  Mi.-silr  Command 

A I I N I HU  PM  PL  PC.  William  It. 

A I IN:  DRCPM  LCI  X,  Howard  II.  Ih  nnUr 
AI  IN  DRCPM-PI-.  LA.  Wallace  o.  W;u',»*i' 
A I IN.  DRSMI-RC.P.  Hui;li  t irrrn 
A 1 I N.  DKSI-IR.P,  Vu-l-r  U . Rms. 

AI  IN:  ITi'li.  Lib. 

Comniandrr 

I . S.  Anns  M«»biljts  l>|uij».  iLvDCtr. 

ATTN;  Tccli.  tali. 

A I I N:  S INI  It-  llllh,  I ranktin  P.  (,....,1 
A 1 I N SMI-  l It  I S.  Ri.brrl  s.  Riantls  . lr. 
AT  IN-  ST'S  lit-  UN,  Donald  It.  Dinner 
A I I N:  STSI-Tl-  MW  , John  W.  Rond,  I r. 

( 'ominnndant 

\ .S.  Arms  Field  Artillrrs  School 
ATTN:  lrrh.  Lib. 

Commander 

C.S.  Army  Nuclear  A^enex 
ATTN:  Col.  Drvelill 
ATTN:  Tech.  Lib. 

Commander 

C.S.  Arms  Seeurits  Athene s 
Arlington  Hall  Station 

ATTN:  Tech.  Lib. 

ATTN:  IACDA-FVV 

ATTN:  IARD-T,  Robert  II.  Hurkhardt 
Commander 

C.S.  Arms  Tank  Automotive  Command 

ATTN:  DRCP.M-t iCM-SW,  Lyle  A.  Wolcott 
ATTN:  DKSTA-RIIM.  1 LT  Peter  A.  Ha>ek 
ATTN:  Tech.  lab. 

Commander 

C.S.  Arms  Test  and  evaluation  Comd. 

AT  IN:  Tech.  Lib. 

ATTN:  DRSTF-FL,  Richard  l.  Koldun 
ATTN.  DRSTF-NH,  Russell  R.  Oalas.so 

Commander 

I’.S.  Army  Training  and  Doctrine  Comd. 

ATTN:  Tech.  Lib. 

ATTN.  ATORI-OP-SD 

Project  Officer 

C.S.  Army  Tar.  Comm.  Systems 
C.S.  Army  Klcetronics  Command 

ATTN:  DRCPM-ATC/COl.  Dobbins 


■ rnal 

I Is  man  PoMrrnal. 

SMI  PA.  ND  N I 

SMC  PA  - I R S-P.  Ruth  Nn  dai  lr  . 
SAKPA-ND C K.  Amina  N.»rdr* 

SMI  PA-  ND-  D H.  Ldward  I.  Arbi  r 
SMI  PA-ND  D-C  J 
SMI  PA-ND  \\ 

SMI  PA-OA-N.  P.  C.  Olmrri 
SMI  PA  I N.  Itiirti.ii  V.  I- rank ^ 
SAKPA-  1S-I-F,  Abraham  <irino«-h 
lrrh.  Lib. 
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i 

i 
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W h;t.  >;*  M]  s H.inu' 

\ i I \ Ml  US  II  M.  Marvin  P.  Nji:  i r.  - 
\ 1 I N 1 1 -•  h.  I 

I . >.  A I !i!V  >14:1.1!  .School 

A I 'IN-  AIM>(  lh  (\  C.ipt  .\|, •sunder 
A I I \.  I.Hi.  111.. 

hi  PAH  l Ml  M ( >1  Till  \A  Y\_ 

(hut  ot  Naval  Operations 

A I I N Cod,*  dole:.,  Robert  Pirn  csi 

\kkv  up  ii>:, 

Clue!  • ! Naval  Kc'-careh 

A I IN  Code -HU.  Thomas  P.  (juiim 

A l IN.  Code  127 

A I TV  Code  ! «i I , H.  Craeen  Joiner 
All  N.  If,  h.  lain 

< d’fieer-in-( ‘hu»  t»e 
Civil  l-.nijniff rmj*  I .ah<> ral<»rv 
Naval  Construction  Hutlalion  Center 
A I I N;  Cm, If  |;U 
ATTN:  Tvrh.  Kib. 

Cominandc  r 

Naval  Air  Syste  ms  Command 
AllN.  Tech.  KiU. 

ATTN:  AIR- 250 F,  l.CDH  Hug'*  Hart 

Commando r 

Naval  Kh*ctronir  Sv  stems  Command 
Naval  Fleet  roiuc  Sv  stems  Cmd.  Ilrjs. 

A!  IN:  PMK  117-1 

ATTN:  Code  5iU2.  Charles  \\  . Neill 

A PIN;  PMK  117-21 

A 1I  N:  PMK  117-21;". A.  < Uniter  Hnmhart 
ATTN;  lech.  I.ik 

( ommander 

Naval  Klrelrouies  Kalioralory  Center 

A 1 IN:  Code  •Hon.  K.  K.  McCown 
AT  IN:  Code  2200  I.  Verne  K.  Hildebrand 
A 1 IN:  Tech.  Kill. 

ATTN;  H.  I . Wonn 
A T I N:  Code1  2100,  S.  W.  Liehtman 

Commandini;  ( tifieer 

Naval  Intelligence  Support  Ctr. 

AT  I N:  N1SC-  15 
ATTN:  IVeh.  lab. 

ATTN:  P.  Alexander 

Superintendent  (Code  1424) 

Naval  Postgraduate  School 

ATTN:  (’ode  212-1,  lech.  Hpts.  Kibrarian 


OKPAil  I MINI  ol-  illl  NA\N  h ‘i.uiiiMM-d  • 
Commander 

Naval  SKA  S\Mi-ms  Command 

ATTN-  SI  A-0!i:;  1 . Hi  I,  v I;.  lane 

Commander 

Naval  Ship  Kn^ineennj;  Center 

A II  N:  Code  *.  I 7 1 1 )2 . |-.dw  a rd  | . hultv 
A ; | N:  I eeli.  Kib. 

( ’ommander 

Naval  Surfaci  We  apons  Center 
AKIN:  Code  244 
ATTN:  Code  WR12 
AKIN:  Code-  I'M,  l-.dvvm  IK  Hathburn 
ATTN:  ( ode-  W.Ui,  -I, din  II.  Malloy 
ATTN  (.'od«-  12  1,  Kdvviu  l».  I)i-an 
A I IN.  Code  22.:,  K.  label  l<  • 

AKIN;  Code  WA.'.ul,  Na,v  Nu,-.  I'rnm.-.  U||. 
bey  AKIN.  C«*deWX21,  leeh.  Lib. 

Commander 

Naval  Surf  are  Weapons  Center 
I)alil|;ren  Kabo  rat ory 

ATTN : leeh.  Kib. 

Naval  Weapons  Knur.  Support  Aetivitv 
Washington  Navv  Yard 
A K I N:  I!  S A 7" 

Commanding:  < ifliecr 
Naval  Weapons  VNnUmlio:  Facility 
AKIN:  Kavv retire?  H.  Oliver 
A K I N:  Code  A K( i.  Mr.  Stanley 

Commanding  ( tflieer 

Naval  Weapons  Support  Center 

ATTN:  C**de  702-1,  .lames  Ramscv 
AKIN:  lech.  Kib. 

(’ommander 

Naval  Weapons  Center 

A K I N : Code  Tech.  Kib. 

I )i  rector 

Strategic  Systems  Project  iifticc 

ATTN : NSP-2:»o,  David  Cold 
AKIN:  NSP-KK  Ieoh.  Kib. 

ATTN:  NSP-2421 , herald  W.  Hoskins 
A I KN:  NSP-2242,  Hichard  K.  Coleman 
A K I N:  NSP-27:t:>I , Phil  Specp.r 
A’K’KN:  SP  2701,  John  W.  Pitsenber^er 

Commander 

t . S.  Naval  Coastal  Systems  Kaboratorv 

A’K’KN : Code  771,  Kel^.u  I . Parker 

Commander- m~  Chief 
C.S.  Pacific*  Kleet 

A'KKN:  l>oc.  Con. 


Director 

Naval  Research  1 41  bo rato rv 


ATTN:  Code  7770, 
ATTN:  Code  2027, 
ATTN:  Code  0027, 
ATTN;  Code  1004, 
ATTN.  Code  770|, 
ATTN:  Cnck'fittll, 
ATTN:  Cock*  2027, 


la*slie  S.  Kevine 
Doris  R.  Folen 
Charles  S.  CiUenzcr 
Kmanual  K.  Prune  a to 
Jack  D.  Drown 
James  C.  Hitter 
Tech.  Kib. 


DKPAR'l  MKN  I Ol  Kill:  AIR  FORCF 


Commander 
AIK'  DK 

ATTN:  DKKDS,  Joseph  (’.  Hrannan 
A'KKN:  DDKKN 
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Df.l’AKIMI  ' i *‘l  fill  AIK  H»IU  I.  • C- mUnc.,,., 

Cot’. I i.UliU  I' 

ACCOM  X|*D 

A T IN:  XP!Ht» 

A I IV  XPi,>l  Mn  < Knrh 

\\  < ’.  * -•  •!**:'  . A ISC 

A I I N I . I an«r\  < Ai  nm  r 

\ I \\  « :i|*< - I al« • r*:i T* >|  \ . A I Si* 

A MV  II<* 

A I I V II. A 

A I I N I A X.  Donald  C.  U’mi.M-h 
All  IT.  M»nD«»rah 
A I IN:  SI  I 

A l i N IIP.  Call  I . Baum 
All*  sA  I 
A II  N S A 1 5 

A I 1 V l l.A.  I.  P.  Castillo 
A T 1 \ . I! 

A I t N I I (l.ii.A 
Vi  I N:  SA 

A I I At 

A I IN  I i*(‘h . l.jK. 

A TIN:  ITS,  M;u  Marion  IN  Schneider 

\W  nh juav'a  i n 

Air  I mvi  S\  ? to  nr*  Command 
A I IN:  DICAU 
A I IN:  Ieoh.  I.ib. 

l ■ nnnuthdc  : 

Air  I : i i \ < • r - j t v 

Al  I N;  A I 1.  l.Si:-VO-jr,n 

( ‘omntandrr 
A SI) 

A I I N IB.To  ir.-l  U 1ZM1I,  Pete  i IN  Marth 
A 1 IN:  hrli.  I.jh. 

A*r  I nivr  Avionic?-  l^dwratorv,  A I SC 
A 1 I N Im  Ii.  IN.. 

il'*a<l<{tsut*l<  a ■" 

} loot  r* >rv  S>,  - 1« ■rn I)r,  nimi,  fAISO 
MIN  INDC 
A I I N \SV.\ 

All  N:  I K * I > Sal  in  IV 
A J I N Tech.  I.d*. 

A I IN:  XKKI 
A I I \ Wi  l l 

( ommaitder 

K'tn-inn  Technology  Div.sion,  AKSC 
A l I N I D-KTA,  U»>. 

ATTN:  h'TKT,  Capt  Kiehard  t\  Uusomaun 

I SAF  l(. 

ATTN:  HiSIMt,  Deorge  Paseur 

HW  CSAF/KD 

ATTN:  KIXJPN 

Commamk’r 

Ogden  Air  Logistics  Center 
ATTN:  Tech.  Ul). 


DIT'AKlMiNl  < ')  Hi!  Ail:  M>li< 

( '<  'll : Irian.  |«  i 

l{o|!|l  • \ ! I I ><  •'  « If  iJUUClM  ( ■ nt«  ! . \|  M 
A I ! \ I.M  I I D.  I I |N. 

S.WI.M'  I )A 

All*  IHS 

SAMSo  |\ 

A i i V INI*.  ! . t . ’ 

S.WbO  MN 

A l IN-  » apt  lUMtl  I.  MtoU-l 

A I I N : \I.\NII,  B.  Mi  \n  ,i-  t 
A!  IN  MWH,  M . i ; M lurtn 

SA  MM J SK 

A l 1 N.  SK  J . P«  Ki  II.  si  • M.  r 

Ciiiiiniiiiulcr  m Chiel 
Strategic  Air  Command 

A I I N.  NKI-SI  INI  ' >,  l tl.. 

A S I N:  IH  I . 1 ran*.  N.  i)**u  -.h.- 
Al  IN:  XIM'S.  Mai  Ln  in  C. . Mophat; 

Commande- 

Sacramento  Air  Logistic.-.  Centes 
ATTN:  Tech.  LA* 

LNLKcJ^V  !<t>J;LAIUA[_N  J >1  V I K<  »l ‘Mi  VI  Ai >M1M>  1 K.A 

Division  <»I  Mihtarx  A|»|»ln  atj»»n 
I . S.  Lncrgv  Kscli.  \ I )e\ . A. limn. 

ATTN:  D*  k ■ . ton.  t* * i ( la-  lech.  LiK. 

l‘niversit\  **t  California 

l>aw  renee  Livermore  I Imraton 

A I I N:  Louis  IN  Umiti  r.  . I - Is 
ATTN : I K.  Miller,  I - l .M, 

AT' I N:  Tech.  Inlo.  | m *pt . , I - • 

A I I N.  IN  Latorre 

Los  Alamos  Scientific  l.aiK*rat"ia 

ATTN:  Doc.  ( on.  |or  Kiaici-  \\  . Noel 
ATTN:  Doc.  Con.  for  .)< »!i n S.  Mali!- 
ATTN:  Doe.  Con.  I in-  I.  Arthur  Free*  I 
ATTN:  l)oc.  Con.  lor  Uiehard  l..  Wakefietil 
ATTN  l Vic.  Con,  for  Kcporls  Li  1 *. 

Sunitia  l ,alx>ratoric.»s 

ATTN:  Doc.  Con.  lor. ‘till.  Samlia  Kj»t.  Coll. 
ATTN:  Doc.  Con  for  Org.  ‘.*ar»a,  1{.  L,  Parker 

INS.  Knergx  Ifseb.  &.Dcv.  Admin. 

Albuquerque  Operations  Office 

ATTN:  Doc . Con.  for  USSB 
ATTN:  l Hie . Con.  for  Tech.  lali. 

t’nion  Carlmlc  (’orjioratmii 
liolifield  National  Uilioratorv 
ATTN:  Paul  If.  Barnes 
ATTN*.  tv*e.  Con.  for  Tech.  Lih. 

Sandi  a l^ilK>ralnrics 
Livermore  Lal»orati>n 

ATTN:  Doc.  Ci m.  for  Tech.  Lih. 
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« * ; Mil;  t < »\  i r\mi  \ i v i \(  I i s 

. t 1 : ' .1  i *1  M l.i  t‘- 1 v 

MIN  S • < h.  I 

MIN  !»=.*•••■:.  \ . I ivnrfi 

Central  Ini.  1 1 1.  , Ar.rnev 

A I IN  III » M.  dm.  I ft  | . Bld<;.  . I « » r leeh.  Lib. 

A 1"  i N 'AiUmiii  A.  i >* •«  »-.«  r 


Idl'AL  I Ml  M ‘>|  111  I ‘ NSI  (<>MK\<  i ‘ »Rs  ( t.  '< 

I He  |l«  1 1<  I ; \ (.'I'l'Jti  M'.it  I"1' 

Navigation  :uwl  Control  Dns-a»* 

\ r i n . r«T h.  i.ii). 

A ! IN  t .r.»rj*r  ( la  rtnrr 

I In-  I' I l.M  ( N » i-j »« » t*ri li< tn 

A 1 IN ; I.  II.  Neighbors 
A l l N ; leeh . 1.|1». 


A lr.u:'i  Mraior 

I ».  t.  • a Fleet  nr  |N »w . • r Admin. 

Depa’i.nent  "t  the  Interior 
A l I V Doc.  C..n. 

NASA 

l.rwi.s  K*  •j'.earch  Center 
A I IN:  1 .1 1 * . 

DFPAK I MKN'I  Oh  1)1  I I NS!  COM  HACTOHS 


|-  led  l'o-S\  -leUi"  < o.  , Dr. 

A cron**  • « ionerat  ( ’« i f*j •« » r:t l n »fi 
A I I V let  h.  I 
A LI  V rhoma>  I»-  Ilavscome 

A.  ronutronir  lord  Corporation 
Aero?*puee  k Communication.^  Op*. 

A I I N:  I K.  PoiiceleL  I r. 

AT  I N:  I n h.  Info.  Section 

A I I N Km  (N  A It  inner 

\ ■•r*'!)nt romc  For-I  Corporation 
\\  • stern  I )f. rlopmcnt  l.at>oralonos  l)iv. 

AT  IN  Donald  H.  Me  Morrow,  MS  t;:iu 
A I I N:  lab. 

A I TV  Samuel  K.  Crawford 
A TIN:  .1.  T.  Multi  tlglc\ 

A.  riMp.KM'  Corporal ion 

A I I N luliaii  Remheimer 
A I I N:  ,1.  nem  enisle 
AC  IN:  Irwnu  M.  (.Jarfunkel 
A I j N:  C*.  U.  IVar  I ston 
A I I N.  Norman  I).  Sloekwcll 
A I I N.  Melvin  J.  Bernstein 
A ‘I  IN:  Lib. 

A I I N liiil  Krishan 

Aveo  Research  K S>  stems  ( 1 roup 

ATTN:  Hsrh.  I.ib.  AMO.  Km.  7201 
ATTN:  Roliert  S.  Caldwell.  2K-00 
ATTN-.  David  I.  I)\i*.  MS  S7-7.7 
ATTN:  Donald  \\.  Kg  elk  rout,  MS  2K-U0 

Battelle  Memorial  Institute 
ATTN:  8TOIAC 
ATTN:  Tech.  Lib. 


I he  LDM  Coi-poration 

ALIN  ioeh.  Lib. 

AT  I N Will  lam  Dnien 

I'he  Boeing  Companv 

A I TN  : Acnispat  < • l.io. 

Al  lN  D.  L.  I shell 
ATTN  1 >avid  Kemle 
A T IN:  Howard  \\  . U irklein,  Ms  17-11 

Bon/ -Allen  and  Hamilton.  hie. 

Al  lN  l*eel I . lab. 

ATTN:  Ka*.  inoiid  d . ChriMier 

Broun  Kn^im.  nil.  • ••mpam,  hie. 

Cmr.min^  Rescan  Bark 

A ITN:  lolin  M.  McSuain,  MS  1 s 

AT  I N I t i h.  Lib.  . MS  12.  I’.  Shelton 

Bu rrou^hs  Corporation 
Federal  and  Special  Svstcms  Croup 
Al  lN  1'eeh.  Lib. 

A I I N.  Au:;e!o  -I.  Mnuriello 

Charles  Stark  Draper  Laboralorv . hie. 

Al  lN:  Tech.  l ib. 

ATTN:  Kenneth  Fortin 

Cinemnali  Fleetronirs  Corporation 
ATTN:  C.  K.  Stump 
ATTN : Lois  ll  unmond 

ATTN:  lech.  Lib. 

Computer  Science.*-  Corporation 
ATTN:  liH'ti.  Lib. 

Computer  Seienee  Coi*p« <t nl ion 

ATTN:  Richard  II.  I >•«  kh.iut 
Al  lN.  Alvin  l.  Sc  lull 

Cutler-Hammer,  hie. 

AllN:  Central  leeh.  Files,  Anne  Anthony 

l Diversity  of  Denver 
Colorado  Senunarv 

AllN:  Stn  . dtficer  *>»r  Fml  IN  Yenditti 
ATTN:  See.  OHiccr  for  lech.  ! lb. 

A I I'N:  See.  Olftcrr  b»r  Ron  \V . Rtichanon 


The  Bench x Corporation 
Research  laboratories  Division 
ATTN:  Tech.  Lib. 

ATTN:  Mur.  Pr^m.  Dev.,  Donald  ,1.  Niehaus 


1 he  Dikewoinl  (i  m’|  hi  rat  ion 

AT  IN  Teeh.  Ltb. 
ATTN:  L.  Wavne  Davis 
Al  lN  K.  Tee 


The  Iwndix  Corjioration 
Communication  Division 
APIS:  Doc . Con. 


Kfteets  I ochnolojiv  , pu-. 

A I I N:  IMuard  loh^i  Steele 
AllN  leeh.  |jb. 
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lUI’AK  I M l \ 1 i*|  1*1  1 | NS  I CON  | R.\C  1 < iR.s  sit!-, 
Inr. 

AlUf|Uet'<|Ue  PlV 

A I I N;  Tech.  1.]!.. 

A 1 IV  Hilda  II.  1 1*.  1 1 man 

f Irctronn  ('..!« atn"  Inr. 

M.’ltMih.in  • >1  \l'|{ 

A I IN  .John  I.  I >a 1 1 1 r 1 . M.s  jj 

I.M  . In.-. 

AHA  lech.  I it*. 

AT  IN  WiIIi;i|I|  Mrl.'i  I 

i'  >\  stem s.  hit  orpo  rated 

< > f'ri  !;•>  1 1 1< - 1 >1 ; i 

A I 1 \ I .jitra  r\  . - - ..o  1 ou 

Tvp  'lath.  Ph\ mc,1'  ( ’on.-mltant s 
ATTN  Hiom.i*  M. 

l-’ai  re  hi  M ( anirra  arid  Instrument  Oorp. 

A I IN  See.  Dept.  fur  2 -’SMi.  David  K.  Mvers 
A l 1’N  Sr.  Dept.  tor  IVrh.  lab. 

i mi  ivhi  hi  lti< in st  no.  hu- . 

Sherman  I amhild  I i «-hnul<-^>  Center 
Ai  i N Leonard!.  Schroibor 
AHN  lech.  I ah. 

Ill*-  Trank! lit  Intitule 

AT  IN  i.-ih.  III.. 

A I I \ Ramie  II.  Chomps  *n 

4 >ai  rctt  Corporation 

A TIN.  lech.  lain 
A TIN  Robert  T.  Unr.  Dept.  lO-b 

< .enrrai  I K nainii  > C«>rp. 

Ci-mai  r Division 

A l IN  Keith  Ilian- 

4 a-niTal  Tin  trie  Cotnpar.v 

!<♦  -Intrv  \ l.rn  ironmentai  .Systems  Div. 

A I IN  Kus  K . Anderson 

AI  I N -John  \\  . Pulckctshv  , .tr. 

A TIN  iVih.  lab. 

Crucial  Klcctric  Company 
< • rdnanee  S\  sterns 

A I I N dos<ph  I . Kcidl 

i Ceneral  Thvtrie  (ompam 

I 1 l-MI’O  Center  tor  Advanced  Studies 

l;  AIIN  Hoyden  H.  Hu  the  r lord 

* A l IS  ItASlAi 

A I I N William  McNamara 

: i 

J 

f Ceneral  f ,'ectric  Company 

j Aerospace  Fleet  runics  Systems 

" ATTN  Charles  M.  Hew i son,  DROP  f>2‘1 

AWN  W Patterson,  DHOP  2a:j 
A I IN;  Tech.  lab. 

ATTN:  (ieor^e  Trane  is,  DROP  2.U 

Central  Flee  Inc  Company 

A TI  N:  David  W.  Hepin,  DHOP  H>0 
, ATTN:  Tech.  lab. 


‘d  1’  W I 'll  I ‘ *1  1*1  II  \M  ' t >\  I J;  \(  j I - ( i . 

I »elli  ra  IIP  t i :■  < 

II  Ml  s 

AIIN  I »-  >1  f I I IM  | A 

( *en«  r.ll  | I . . 1 J .•  < ft  :f . » \ II  \J|'(  < 

\l  IN  i Ai  Pm  i\  11,0.  V*  • *« 


< .1-neral  1 i\  r ;;j  - ; : n • ( • 
I !«•»•!  j'oni'  ■ | n j 


\ 1 1 N 

! -•<  b 

1 

« «cij.  l a I i >\  <i 

a:::n  - 

c-rp. 

Poitam.i  < »| <« • 

r a!o <m 

A 1 1 N 

1 e<  !| . 

I 

‘ .eneral  1 1.  . 

! nr  < ' 

• *n  *1  < .i ; m. 

Space  Div  . 

Valiev  1-i.iv.i 

• Sp.n  . 

t tr. 

A 1 IN. 

I )anle 

M.  lasca 

A I I \ 

i arrv 

1.  Cha>on 

A I 1 N 

C.  Ped.  U 

A 1 I N 

J >:im . ■! 

Tdelman 

AT  I N : 

lamr-' 

P.  Spratl 

ATTN: 

■ I'lfin  H 

. ( , reenbai 

A I TV 

1 rrh. 

Info.  Ctr. 

Ceneral  Res*  arch  Corporation 
A 1 IN.  Tech . Into.  ( itlire 
AT  I N;  John  Ise.  Ir. 

AI  IN;  Robert  i).  Hi  11 

< i rum  man  Aerospace  ( 'orp,. ration 
AWN  lech.  lab. 

ATTN;  .Jerry  Rogers 

Ceoripa  Institute  ot  Technology 
Ccorgia  lech.  Research  Institute 
AT  IN:  R.  Cur  in 

Ccorgiu  Institute  o|  I echno|o£\ 

Ottic*.  ot  Contract  Administration 

AW  N:  Rseh . Securitv  Coordinator  lor  ID-  ^ 
Coord,  tor  Hm»h  I >cnm 

C l F S\  1 vania,  Ine. 

Tlectronics  Systems  Orp-Fastcrn  Div. 

AI  IN:  la-onard  I..  Hlaisdell 

A T I N:  Charles  A.  Thornhill.  Librarian 
ATTN:  lames  A.  Waldoti 

CiTF.  Syl vania,  lne. 

AW  N-.  Herbert  A.  Citman 

AI  IN:  Charles  II.  RamsUittom 

AWN:  Comm.  Syst.  Div.,  I- mil  P.  Moteln»k 

A I IN:  A S M Dept.,  S.  K.  Perlman 

AI  IN:  H k V Croup,  Mario  A.  Nurctura 

Hercules,  Incorporated 
Bacchus  Plant 

ATTN;  iOOK-2<5-W,  R.  WiH»drutJ 
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1»!  PAU  I M I. N I * »1  I >1.1  |.\S|.  ( < )M  |{.\r  K )|{S  (Continued* 

II  i r r ; t • • i*| » > t atimi 

Ml?!':  Nof}!  H • Mldlii'h  'I'  |J|\l:>J<»ti 

MIN  lech.  1 .tli. 

A I IN.;  tt  ;t\  Hf  r.  Akirr.  Ms  I*.  Ill 
A I IN  Carl  I . 1 1:  i \ i?  . Ms  17  .*;?<» 

A l I N Charles  Denton.,  1 r.  . MS  I :>oo 
A 11  N I . 1..  Clark.  MS  Mi  Mi 

M ■ ■ * ■ i ■ \ *\  fll  Incorporate-  I 

<»«  *\ eminent  and  Aeronautical 

1 1 r*«  Mm  Is  I >i  \ isjoii 

A I 1 N H.  l.  K«H.  MS  S:N“.72 
A TIN:  lech.  Lib. 

Mi'tu  vacll  Incorporated 
An  ■ ••'pare  I >i \ isjon 

A I I N:  IVch.  l.ili. 

A I l .N.  Harrison  II.  Noble,  MS  7 2 7- .7 A 
AT  IN:  dailies  I).  Allan 

Ha/eltine  ( 'or|M»rulion 

AT  IN:  Tech.  Info.  Or.,  M.  Waite 

ATTN:  K'lwin  A.  Smith,  Dept.  . 

A T IN:  Kevin  McCarthy.  u-nr, -71 

A IM  S:  Dept.  s|-'20 

AITS:  Benjamin  I . Knntira,  Dept.  sl-L  l 

ATTN:  IMu ii|»  I.  Mart.  Dept.  Mi-M 

A TIN:  D.  M.  lollop 

ATI'S:  Mans  I..  Schncomann 

Honeywell  Incorporated 
Hadiauon  Center 

AITS:  Tirll.  la  I,. 

Hughes  Aircraft  Company 
< cntinclu  and  I fair 

ATI'S:  Dan  Hinder,  MNb-Ull? 

AT  I S:  John  H.  Smglctarv,  MS  U- 1 >1 3:t 
A I TS:  Kenneth  K.  Walker.  MS  1)157 
A ITN:  Ifclh  W.  Campbell 
A'llN:  Ierh  . I ah. 

Hughes  Ai iv raft  Company 
Spat  t System.-.  Dimmioh 

AT  IN:  Man 'Id  A.  Mo\  le,  MS  AI0N0 
A ITS:  Ldwa  rd  C.  Smith 
A TI'S:  William  W.  Scott 
AMS:  lech.  Lib. 

Ill  Ue.scareh  Institute 

Lleclroinag.  Computability  Anal.  Ctr. 

AMS  ACOAT 
ATTN:  lech.  lab. 

Il  l Hesoareh  Institute 

A TIN.  Irvvtyg  N.  Mintlel 
ATTN.  lech.  lab. 

ATTN:  Mark  IK  Danner 
ATTN:  W.  C.  Wells 
ATTN:  I..  C.  Peach 
A ITN:  W.  C.  Kmhrrson 
ATTN:  L.  IK  Townsend 
A I I N:  P.  I..  K.  I sleuth i 
ATTN:  V.  P.  Nantla 

Institute  for  Defense  Analyses 

ATTN:  IDA,  Librarian.  Huth  S.  Smith 


M PAU  I M I ;.'I  <)|  HI  | I SM  HiMiai  |«»U>  M O, 

I'<i,  | »h\  • n ■ • < < -rjM . rat  i<  mi 

A I IN  Koherl  D.  I v an  ■ 

A 11  N II.  Mild. 

AI  IN:  l.-ch.  lab. 

IU  l C \\\y.  < :\Ko’.\ 

AMS:  lech.  lab. 

ATTN:  IK  I..  Merl/ 

I aeor 

A IT  N : V. fit  M.  U ccnas 
AT  I N:  Ualph  |K  Stahl 

J°!in-  llopKin.N  I niver.” it\ 

Applied  Physios  Laboratory 
AI  IN.  Dch.  lab. 

AI  I N:  Peter  F.  Partridge 

Kaman  Sciences  ( *orporaliort 
ATTN  library 
A I I S . John  K.  Hoflman 
A I I N:  Frank  M.  Shelton 
A ; I N Albert  P.  Bridges 
A 1 I N.  Walter  F.  Ware 
A I I S.  Donald  M.  Bryce 
ATI'S:  W.  Foster  H,ch 

Litton  Systems,  Inc. 

Aiiiecmn  I n v i s i< in 

AITS.  Tech.  Lib. 

Litton  s>  stems,  Inc. 

Data  Systems  Division 

AI  TS:  Tech.  Lab. 

Litton  Systems,  Inc. 

(hudanee  k Control  Systems  Division 
A T I N:  John  P.  Het/.lcr 
A I TS';  Val  .1.  Ashhv 
ATTN;  Tech.  Lib. 

I/iekhced  Missiles  \ Space  Co.,  Inc. 

AI  TS:  loch.  Lib. 

A T I'S:  Solomon  F.  Singer,  |>ept.  s|  -oj 
Al  l'S.  Samuel  I.  lui  unity,  Dept,  sd-so 
A I I S:  (icorgo  F.  Heath,  D ''Mi  l 

Ioekhred  Missiles  and  Space  Company 

AT  I'S:  Clarence  !•’.  Kooi,  Dept.  aL’-ll 
ATTN:  Tech.  Info.  Ctr.,  D Coll. 

LTV  Aerospace  Corporation 
Michigan  Division 

ATTN:  .1  Junes  F.  Sanson,  H-'J 
Al  IN  Tech.  Ijb. 

L TV  Aerospace  Corp. 

S ought  Systems  Division 

A T I N.  Tech.  Data  Ctr. 

Martin  Marietta  Aerospace 
< irlando  Division 

ATTN : William  W.  Mras,  MP-Jl.'l 
ATTN:  .lack  M.  Ashford 
A1TN:  Mona  C.  C.riffith 

M.I.T.  Lincoln  l*il«»r:’Ntry 

A TTN:  Leona  loughlm,  librarian,  A-082 
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I'M 

i’AlllMI  v 

• lid 

Dl  i i NM  i 

'UN  I KAC  lulls  (t 

Ma: 

rlr;  Marie 

ll.l  Co 

f|«  m at  i-  >i, 

IK  : 

w i r hi  \ e i 

ion 

A 1 IN 

He  e. 

i n h Lib.  u* 

-IT.  \:t\  H.  Me  K.  4 

\ 1 IN 

Hot:  1 

. i i r.iliam . 

Ms  1 m > ; :.5 

A IT  \ 

Paul  < 

..  K a a 

Ma: 

vv-.ll  I. ah 

•ratone  , 1:«  . 

A I i N 

Ich 

lab. 

VI  IN 

VieU* 

r Tai-o 

Me! 

[>..!•:  • 11  D 

Co  rj  mi  ratio* 

j 

A 1 TV 

Ton. 

Knd*  r 

A l IN 

lech. 

lab. 

Mel 

iK.nr.ell  1 K 

•u?:las 

I'onior-aUor 

l 

A l TN. 

Paul 

II.  Duncan, 

.1  r. 

A I 1 N: 

Slanlt 

w Sehneidei 

\T  TV 

\\  . H 

. Spark 

A IT  N : 

\.  P. 

, \ ernlitl 

AT  IN 

Tech  . 

Lib.  Seniors 

Mi? 

“don  Ke-c 

aivh  ( 

“ri  Miration 

A i TN 

Conr; 

u!  L.  lconjiimre 

AT  I N 

Willi; 

un  C.  llart 

A 1 TV 

Daniel  IN  Hi.y/.ins 

Mi, 

sjon  Hese 

:>ivh  ( 

’»»n>4,  ration 

A H N; 

Daviil 

1 L.  M<-rcv. i 

•tiler 

A ITN: 

Jcl). 

Lib. 

Mission  lie  sc 

:uvh  ( 

’orj  loralion- 

-San  I)iep> 

ATTN: 

V.  A. 

.1 . Van  lant 

Tin 

■ Mitri-  C’.i 

rpo  ration 

A 1 i N: 

M.  t: 

. I’it/neiMlt 

1 

ATTN; 

Lj  bran 

A 1 1 N 

T ‘hot m lore  Jarvin 

A 1 i V 

Hriekmorc* 

National  \radem\  "1  Sciences 

AT  I N National  Materials  Advison  Uni.  lor 
II.  S.  Shane 

Northrop  Cor|>oration 
Kleetrome  Division 

A 1 I N I V >\ t ■ e I . Ahlport 
A 1 I N ( ieoruc  II . inwiH'r 
A I IN.  \ i no*  id  |{.  lie  Marti  no 
A I I N.  .John  M.  Kevnoid;, 

A l l N Itch.  I .i»i. 

N< » rth  top  C<  > ri  »o  rat  i on 

Northrop  Keseafch  ;ind  Technolo^  (“tr. 

A l l V ( >rlie  I . (MrUs.  Jr. 

ATTN:  David  N.  Poenrk 
ATTN:  lab. 

ATTN:  James  IN  Raymond 

Northrop  Corporation 
Klectnmic  Division 

ATTN:  Jos<*|»h  I).  Russo 
ATTN : Iwh.  I.il*. 

Palisades  Inst.  for  K.sch.  Sendees,  bn*. 

ATTN:  Keeords  Hujicrvisnr 


m 


Perkin- Elmer  Corporation 
ATTN:  Tech.  Uh. 


1* 


in  I’AIM  MI-.V1  |)|  lij.n  NSI.  ( 'IIV | HA<  | (IKS 

Phv  a pile  I < - » ”ij,  ci\ 

■Ml*.  I " I-  i lit  i : ■ a i'. ! || . ]««-•;.-  If  i r. 

A I TN  In.  < I..j  I cell . I i ! i . 

A 1 I N l»-.i  . r..:  . | - . *•  !< ,}.  ||.  Ih.nttn-l..*' 

I * f*<  «< -« •,  * V Me  ( 1 'I-)''  ‘I  ill* 

A I I N ivies  1 1 ,• 

A I 1 N I c<  !|.  i 

1 lie  Kami  < * o*|i. ■ imp. on 

A I I N ( Tilli  -si  i i ' 1 1 ; i 
A l I N . l ech.  i.ji,. 

Ita\  theon  ( '<  mp:m\ 

A l IN.  tlai.u.haf*  II.  !*•  To 
ATTN:  I.ibran 


UCA  Corporation 

(ioviTnrnent  * Commercial  Sv-li  i • . - 
Astro  Electronics  Division 

ATTN:  iir"i-i;c  I.  1 1 rue her 
ATTN:  led,.  Ml,. 

UCA  Corporation 

government  4,  Commercial  System;-* 

Missile  \ Surface  Radar  Division 
A I TN:  1 leaner  K.  Pah 
A 1IN  lech.  lib. 

ATTN:  Andrew  l..  Warren 

KC  A Corporation 
Camden  C«»m|>le\ 

ATTN:  K.  W.  Kostrom,  Ia-.'-J 
ATTN:  I . Van  Keuren 
A I I N : Te  ll.  Mb. 

K K P Associates 

ATTN.  William  K.  (.raltain,  Jr. 

ATTN:  Tech.  I.ib. 

ATT  N S.  ( lay  Rogers 
AT  T N;  I.eonard  Schlossmitcr 
ATTN:  Richard  it.  Sehaeler 
AT  TN.  William  I.  Kar/.as 
AT  'TN:  (lerald  K.  Shield 
ATTN  U.  ( lay.e 

Keseareh  Trianuel  Institute 

AT  T N See.  Oliicerlor  |-.n^.  Div.  , Ma\  rant 
Simons,  Jr. 

Rockwell  International  (Orporation 
ATTN:  N.  J.  Kudic.  I- A.,:; 

ATTN:  T . S|>el/. 

ATTN:  lech.  lab. 

ATT  N L.  Apodaea,  PA r.:< 

ATTN;  lames  I Ki  ll,  HAlU 
ATTN:  CeorgcC.  Messenger,  El  Hit 
ATTN:  Donald  I.  Stevens.  l-'ATo 
AT  T N:  K.  1- . Hull 

ATTN:  I.  I,.  Monroe,  Dept.  2HM027,  Div.  0. > 1 

Sanders  Associates,  Ine, 

ATTN:  Moe  1,.  AtUd,  SCA  I 

ATTN:  t-11270,  It.  (i  Despath\  , Sit  P I 

ATTN:  Tech.  Lib. 

Seienee  Applications,  Ine. 

ATTN:  It.  Parkinson 
ATTN:  Tech.  Mb. 
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M,A  1 1 ( '* A tkac  mus  <r*»ntii-,»;t^i» 

N t • Applli  at  |o‘»st  1 1 )r  . 

IbmC-wlIe  Pms»o., 

\ 1 1'\.  i « .-ii . i .i i .. 

A TI  N VmI  u.  M\in 

N Applicate  in'-,  Inc. 

A ! IN.  I.  lio;:rr  Nil! 

A I I V IN-  h.ml  I..  Knight 

Scienci  AppliC  Ill‘*ll-,  Incorporated 
A I I \:  William  ( . CI\ad.-«ev 

Si am lal i- •»;  |’h\  mc.s,  | i*<-. 

A I I N.  I.rhii  U.  t -lum 
Ai  l N:  ItTc »-«'»•  < i . Little 

I he  Scatter  ( 'ompain 

A i IN:  Irwin  Coldman 

l hr  Singer  Comp. tin  IPuta  S\  stem  si 

Spern  Kami  Cocjm. ration 

Spt»!T\  PiWSloh 

A I I N.  Tech.  IaH. 

All  N:  Paul  Marrattido 
AT  IN:  Charles  I..  Crain 

Spern  Hand  Corjioralion 
I nnar  Division 

A I I N;  lan;c>  A.  Imla,  MS  11  1 J.i 
AT'IN;  lull.  lab. 

Slajilord  Ke.-earrh  Institute 

A l l N ; Philip.).  |)nlan 
AT  1 N;  Arthur  Lee  Wild  son 

Stanford  Hi* si  arch  fjistiUilc 

A l I N Margin  rstui  M<*riiaii 
A TIN;  hrh . lal,. 

Sum.  tram!  Corfio ration 

AT IN;  (Airli.v  15.  While 

svvtema,  SnciKT  and  Sdtwarc 
ATTN;  Tech.  I ah. 

S>  stems,  Science  and  Ndtw are,  Inc. 

ATTN:  Tech,  I a I,. 

A I I'N : Andrew  II.  Wilson 

S\  strnn-Dmmer  C-uiiki ration 
A TT N : Cordon  K.  Dean 
ATTN:  Harold  p.  Morris 
ATTN:  Tech.  Lib. 

Texas  Instruments,  hie. 

ATTN:  Tech.  Lib. 

ATTN;  Donald  A . Manus,  MS  72 

Texas  T«vh.  I'nivcrsily 

ATTN:  Travis  I..  Simpson 

TKW  Systems  C l roup 

ATTN;  Aaron  If.  Narev.sk>,  Kl-2144 
ATTN:  O.  K.  Adams.  IU  1141 
ATTN:  II.  II.  Holloway, 

A TIN:  ferry  I.  laiUdl.  IU-UII 
ATTN:  Tech.  Info.  C’enter/S-ltltUI 
2 ey  A IT  N . Kobe rt  M . Web! t , Ms  IU  - i 1 50 


} >T^AKIM T.  .VI  UT  PI . I-  K NS n.M  |(.\<  ■ j ( >j 

I HW  S\  .-tom  ■ i .roup 
San  Bernardino  iipeintion-v 

A I I N:  T.  II.  | av.  VI" 

I KW  N-itiininihicloi^ 
l>ni;  ion«d  | K\\ . I,,,-. 

A I IN:  Konald  N . ( la  rla 
A l TV.  Tee h.  Lib. 

I mied  I i i hnoloj;i(*>  ( orporatjoi. 

Norden  Pius  ion 

A TIN:  leeh.  Lib. 

\ ailed  I ei-hnolo^ie.-'  I ‘orporal joji 
Hamilton  Standard  Pm  .-mm 

AT  IN:  Ha\  mond  C.  ldjL»uere 
ATTN:  leeh.  Lib. 

\eelor  Keseaivh  Associates 
A TIN.  W . A.  |{.id:i>k\ 

\ an. to  As.-.ociate.v' 

A I I N : P.  C.  | .aw  ivncc 
A I I N:  I n il.  | ,il». 

W otinithoiise  Klcrtr.e  Corporation 
Astroimelear  I .a  bo  rat  on 
AI  TN.  W<h.  l.ib. 

W os  tin^house  Klee  trie  Corporation 
Defence  x KAectvonic  S\  Mein.s  fir. 

A I I N : llenn  IN  Kalapaea 
AI  TN:  leeh.  Lib. 

W estm^house  Iv lee t fie  Corporation 
Hr  search  «\  Development  Ctr. 

A T I N:  leeh.  lab. 

Kockwell  International  Corporation 
AT  IN:  I . II.  Yale.- 

Uockw  ell  International  C orporation 
Space  Division 

ATTN:  I K'.  Dll  -ud:J,  \.'n| 

Hav  theon  ( umpam 

A T I N : Harold  I . |-1e>eher 
AI  TN:  leeh.  Lib. 

AI  TN:  lame*  It.  Weckback 

lutl.  lid.  ft,  l eU'^raph  Corporation 

A I IN:  Alexander'!’,  Hichanbon 
A I IN:  Del.  Sp.  Croup,  I.  Culaek 
ATTN:  Tivh.  Lib. 


